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(54) Vehicle navigation apparatus with variable speed disc drive 

(57) An infbrmation processing apparatus, for read- 
ing information from a memory medium sucli as a CD- 
ROM and displaying read information, includes a con- 
troller for controlling a drive motor which drives the mem- 
ory medium. The drive motor Is normally driven at a 
normal speed but is driven at a higher speed when a cer- 
tain operation requires reading a large amount of infor- 
mation data within a certain time. After the data is read 
at high speed, the drive motor is automatically switched 
to normal speed. The drive motor drives at the higher 
speed only when necessary, so that the drive motor 
retains its durability and the information processing 
apparatus is more responsive. 



FIG. 4 

(CD DATA READtNG PROCESSING) 

32. ^ ^ 

^ « 0? 

YES 




NO 



NO 



DOUBLE SPEED REQUEST 



S10 
si 2 



I 



S14 



CI — h 

~1= 



C2<-0 



DATA READ REQUEST 




NO 



C2-C2 + 1 



S22 




PI -1, C3-i 



S26 




NO 



NORMAL SPEED REQUEST 



L 



Q. 
LXJ 



Priniodby Rank Xarcx (UK) Business Services 
2.9.11/34 



BNSDOCIO: <EP 



.0699895A1J_> 



EP0 699 895A1 



i < 

Description 

This invention relates to a navigation apparatus for 
driving a memory medium in which information is stor^. 
based on certain inputs or certain conditions of the appa- 
ratus. reading the information out of the memory 
medium, executing, based on the read information, proc- 
esses relating to generation of guide information and out- 
putting the guide information. 

In the conventional navigation systems for vehicles 
which are currentiy commercially available, a CD-ROM 
disc, in which map information, image information for 
guidance and the like are stored In advance, is generally 
used as a memory medium. The CD-ROM is rotatably 
driven by a drive motor and certain Information from pre- 
determined addresses on the CD-ROM is read to a con- 
troller. The controller thereby executes various 
processes relating to generation of guidance, such as 
road guides for navigating the vehicle, parking place 
guides, and guides for rest areas, inns and hotels. 

Such a conventional navigation apparatus fre- 
quently handles a large volume of information for provid- 
ing detailed guidance. For example, a large volume of 
data is required to generate displays of maps and pic- 
tures as guidance information. Because the volume of 
the data Information is large, it takes a long period of time 
to read the information from the CD-ROM disc for trans- 
fer to the controller. If processing of such a large volume 
of information, read from the CD-ROM disc, is required, 
the time between input of a command by an operator and 
display of the guidance information on the display unit, 
in response to the command, becomes inconvenientiy 
long. 

In such a navigation apparatus, in general, a map 
showing tiie present position of the driving vehicle as well 
as its vicinity is displayed at the display unit, and guid- 
ance information is frequently displayed at intersections 
or whatever, sothat as the vehicle moves, new map infor- 
mation and new guide information must be continuously 
read and displayed. Accordingly, low speed in reading 
such map information and guide information translates 
to lack of quick response by the apparatus. As the vehicle 
drives at higher speeds, the problem becomes more 
acute in that changing or scrolling of maps to be dis- 
played becomes less timely. 

It is an object of the invention to provide an informa- 
tion processing apparatus having a reduced response 
time for processing a large volume of infornnation data 
without loss of drive motor life span. 

The present invention achieves the foregoing object 
by providing an improved information processing appa- 
ratus for driving, responsive to an input or an operation 
of the apparatus, a memory medium in which information 
is stored, for reading said stored information from said 
memory medium, and for processing the read informa- 
tion to output guidance information. The improved appa- 
ratus of the present invention includes: a drive 
mechanism capable of driving the memory medium with 
a variable drive speed; judgment means for judging. 



based on an input or operative skate of the apparatus, 
whether a certain condition has been satisfied; and con- 
trol means for controlling the drive speed of the menx>ry 
medium by said drive mechanism at a normal speed 
when the judgment means judges that the certain con- 
dition is not satisfied and at a speed higher than the nor- 
mal speed when the judgment means judges that the 
certain condition is satisfied. 

In qseration of the apparatus of the invention, a judg- 
ment is first made as to receipt of a certain input or sat- 
isfaction of a certain condition and the drive speed of the 
memory medium is regulated by the control means so 
that the memory medium is driven at a normal speed 
when sakJ judgment is negative, and in contrast, the 
memory medium is driven at a speed higher than the nor- 
mal speed when said judgment is affirmative. 

The above and other objects and features of the 
invention will become apparent to those skilled in the art 
from a reading of the following preferred embodiments, 
when considered in conjunction with the accompanied 
drawings, in which: 

Fig. 1 is a block diagram illustrating the essential 
components of the invention; . 
Rg. 2 is a block diagram of an entire navigation 
apparatus incorporating a preferred embodiment of 
the invention; 

Fig. 3 is a block diagram illustrating details of the 
external memory unit of the navigation apparatus of 
Fig. 2; 

Rg. 4 is a flow chart of a CD data reading routine 
executed by the controller of the emkxKliment illus- 
trated in Fig. 2; and 

Rg. 5 is a flow chart of a timer interrupt routine exe- 
cuted by the controller of the emtxxliment illustrated 
in Fig. 2. 

Referring to the drawings, in particular to Fig. 2, a 
navigation apparatus 1 0 according to a preferred embod- 
iment of the invention is shown. The navigation appara- 
tus 10 is designed for post-factory installation on or in a 
vehicle body. In other words, the navigation apparatus 
10 is designed for installation by the vehide owner. The 
navigation e^^paratus 10 is of the type that determines 
an optimum route to the destination chosen by the user 
and gukJes the vehicle from the currerit position to the 
destination by display of guklance together with maps on 
the display unit, as well as by outputting voice guidance 
through unit 20. 

As shown in Fig. 2. the navigation apparatus 10 
includes a conventional GPS receiver 12 for receiving 
transmissions from an artificial satellite (NAVSTAR) for 
the GPS (Global Positioning system), demodulating the 
received signal by frequency conversion, and calculating . 
latitude data, longitude data and altitude data represent- 
ing the receiving position, or the current position, as well 
as calculating travel speed and direction of travel of the 
vehide. A sensor 14 detects the current position of the 
vehide by outputting values corresponding to. respec- 
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tively. tra\^eling direction, traveling distance, and traveling 
velocity of the vehicle. An input unit 16 includes button 
type switches or contact switches for the operator to input 
various commands such as setting the departure and 
destination, changing display screens and the like. The 
external memory unit 18 Includes, for example, a CD- 
ROM disc having optically readable data as a memory 
medium containing pre-stored data, and a CD-ROM 
drive for reading out the data stored in the disc. Voice 
output unit 20 has a speaker or speakers for voice guid- 
ance, various message sounds, and the like, a voice 
processor for synthesizing sounds made audible at the 
speaker, a digital to analog converter, and the like. The 
display unit 22 consists of a display screen such a cath- 
ode ray tube (CRT) or a liquid crystal display (LCD), a 
display controller for generating the images displayed on 
the display screen, such as road maps and various mes- 
sages. Controller 24 reads the data from the GPS 
receiver 1 2. the sensor 1 4. the input unit 1 6, the external 
memory unit 18, and other inputs and controls the voice 
output unit 20 and the display unit 22 in accordance with 
the read data. The sensor 1 4 includes a distance sensor 
for detecting the distance travelled by the vehicle, a 
velocity sensor for detecting the speed of the vehicle, and 
a relative direction sensor, for example, such as a gyro- 
scope or left and right wheel sensors. The controller 24 
includes a conventional microcomputer equipped with a 
CPU (central processing unit) 26, a ROM (read only 
memory) 28, a RAM (random access memory) 30. an 
input and output port 30. and a bus line connecting these 
elements. 

As shown in Rg. 3, the external memory unit 18 is 
the combination of a CD-ROM disc (hereinafter, simply 
referred as to "disc") 52, and a CD-ROM drive 54, The 
disc 52 records various data such as map data, road 
data, intersection data, guide data, and picture data for 
registered points, as well as their address size, with 
respective predetermined addresses in the CLV (con- 
stant linear velocity) recording method for maximum 
recording density. The disc 52 is detachable from the CD- 
ROM drive 54. 

The CD-ROM drive 54 has the capability of reading 
out the various data recorded at the predetermined 
addresses while rotatively driving the disc 52 and 
includes a drive motor in the form of a spindle motor with 
brushes or a whole motor for rotatively driving the disc 
52; a pickup 58 equipped with a laser light source, an 
objective lens, a photodetector, and the like for reading 
data recorded on the disc 52. A feeding mechanism 60 
moves the pickup 58 to a designated position so that the 
pickup 58 can read the data recorded at the respective 
addresses on the disc 52. A pickup servo circuit 62 con- 
trols the movement of the feeding mechanism 60 and 
controls the position of the objective ler^ of the pickup 
58 so that the laser beam follows signal tracks on the 
disc 52 while the signal face of the disc is positioned 
within the field of focus of the laser beam emanating from 
the pickup 58 even if the disc face rocks or the rotation 
is eccentric. A drive motor servo circuit 64 controls the 



rotational speed of the drive motor 56 so that the disc 52 
rotates with a constant linear velocity. A signal process- 
ing unit 66 amplifies the output signal of the photodetec- 
tor in the pickup 58. refornts its waveform, processes the 

5 digital signal, and processes the signal for error correc- 
tion, thereby retrieving the desired data from the disc 52. 
Controller 68 transmits the data from the signal process- 
ing unit 66 to the controller 24 and outputs control signals 
to the pickup servo circuit 62 and the drive motor servo 

10 circuit 64. responsive to various requests such as a 
request for reading data delivered from the controller 24. 
The drive motor 56 and the drive nnotor servo circuit 64 
together function as the drive mechanism of the present 
invention. 

IS The controller 24 executes various routines, such 
as: a position setting routine for setting departure, cur- 
rent position, destination, or the like in accordance with 
commands inputted from the input unit 1 6; a route seek- 
ing routine for determining the optimum route from the 

20 departure to the destination; an information display rou- 
tine for displaying on the display screen of the display 
unit 22 a map on which the current position is centered 
and various guidance messages; a scrolling routine for 
scrolling the displayed map; a map scale changing rou- 
ps tine for changing the map scale between a wide area 
map and a detailed map and a voice output routine 
whereby the voice output unit 20 outputs voice guidance. 
In executing these routines the controller 24 issues a 
command for reading out the necessary data from the 

30 corresponding addresses on the disc 52 in the external 
memory unit 18, and the pickup 58 travels to the corre- 
sponding address on the disc 52 in response to the com- 
mand to read out the necessary data. 

In reading data in the manner described above, the 

35 rotational speed of the drive motor 56 is controlled by the 
drive motor servo circuit 64 based on a reproduced syn- 
chronizing signal read off the disc through the pickup 58, 
t>ecause the data recorded in the CLV format on the disc 
52 are precisely read out by rotating the disc 52 at a con- 

40 stant linear velocity. 

Rgs. 4 and 5 illustrate a routine (hereinafter, referred 
to as "present routine") executed by the controller 24 for 
accelerating the reading of data by rotating the disc 52 
at doutDle the normal rotational speed of the drive motor 

45 56 (hereinafter, referred to as "dodt)le speed") respon- 
sive to detection of a certain condition and for taking cor- 
rective action to deal with data reading errors which tend 
to occur due to such a doubled speed of rotation of the 
disc 52. 

so The present routine includes the CD data reading 
routine shown in Fig. A, repeatedly executed each time 
a command is issued from the controller 24 for reading 
data recorded on the disc 52. A timer interrupt routine 
(shown in Fig, 5) is executed at an operation period of 

55 0.1 second to process counters and flags used during 
the CD data reading routine. 

When the CD data reading routine shown in Fig. 4 
is started, the controller 24 judges at step S2 whether 
the double speed inhfoition flag R is ON (F1 « 1). If F1 
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s 0. i.e. there is no double speed inhibition, the routine 
goes to step S4, and the controller 24 judges as to 
whether a designated condition is satisfied, to rotatively 
drive the drive motor 56 at dodbie speed, i.e. whether or 
not a designated command signal has been received or 5 
a designated condition satisfied. On the other hand, if F1 
= 1 , the dout>le speed inhibition mode is established. If 
the judgement made at step S2 is negative, the routine . 
skips steps S4 to SIO, to let the drive motor 56 rotate at 
dout}le speed, and immediately goes to step S12. w 

Step S4 checks for satisfaction of one of the follow- 
ing five conditions, in which the navigation apparatus 10. 
is particularly required to respond more quickly by fast 
reading of data and rapid execution. 

Firstly, issuance of a command to display the current is 
p>osition on a map, an operation beginning with the detec- 
tion of power-dn of the navigation apparatus 10 and con- 
tinuing until confirmation that the current position is 
centered on the displayed map. 

Secondly, issuance of a command to change the 20 
map display, an operation beginning with detection of 
operation of a touch or contact switch, for moving the 
center of the nnap, for scrolling the map displayed on the 
display screen or for changing the scale of the displayed 
map, and continuing until the detection of the completion 2S 
of display of the desired map. 

Thirdly, issuance of a command for a route seeurch. 
route searching beginning with the detection of an exe- 
cution command for the route search routine and contin- 
uing until detection of completion of the search 30 
processing. 

Fourthly, a determination that the sensor detected 
value for travel speed of the vehicle is equal to or greater 
than a predetermined value, for example, a value corre- 
sponding to 1 00 km per hour, which bperatbn continues 35 
until detection that the detected value has fallen t^elow 
the predetermined value. 

Fifthly, a data size determination in step S4 that the 
size of the data requested to be read from the disc 52 is 
equal to or greater than a predetermined size, for exam- 40 
pie 100 kbite. The routine goes to S6 responsive to an 
affirmative judgement. 

The first to third, and fifth conditions relate to oper- 
ation of the navigation apparatus 10. while the fourth 
condition relates to operation of the vehicle. On the other 4S 
hand, if none of the first to fifth situations is present, a 
negative judgment is made at step S4, and the routine 
skips steps 86 to SI 0 and immediately goes to S1 2. The 
controller 24 functions as judgment means by judging at 
step 84 presence of one of the aforementioned five sit- so 
uations, i.e. satisfaction of a designated corKiition. 

A judgment is made at step S6 as to whether the 
drive motor 56 is rotating at normal speed. If the rnotor 
is rotating at normal speed, an affirmative judgment is 
made at step 86. and the routine goes to step SB. at ss 
which a command for the drive motor 56 to rotate at dou- 
t>le speed is sent to the controller 68, and then the routine 
goes to SIO. Upon execution of step 88, a control signal 
is sent based on the command from the control unit 24 
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to the controller 68 and to the drive motor servo circuit 
64, and the drive motor 56 is made to rotate at double 
speed responsive to the control signal, thereby rotating 
tiie disc 52 at dout^le speed. The controller 24 executing 
the routine at st^ S8. in combination with the controller 
68. functions as the control means of the invention. 

If the drive motor 56 is already rotating at double 
speed, a negative judgment is made at step S6. and the 
routine skips step S6 and immediately goes to step SIO. 
At step SI 0. in order to avoid frequent changes between 
double speed and normal speed, a double speed stop 
counter 01 times the period from the satisfaction of the 
designated condition described above until the drive 
motor 56 continuously drives rotatively with dout)le 
speed, reads a predetermined value h corresponding to 
the predetermined time to set the predeterrrvned value 
(count) for h. At step Si 2, which is executed subse- 
quentiy to execution of step S1 0 or executed when a neg- 
ative judgment is made at any of steps S2, 84, an error 
counter 02. for counting the number of error occurrences 
of the data read out of the disc 52. is reset. 

A request for reading data at a designated address 
and size on the disc 52 is output to the controller at step 
14 subsequent to step 812. Upon this request, the data 
read at the pickup 58 and processed at the signal 
processing unit 66, is transmitted to the controller 24 via 
the contiroller 68. Wh^ reading the requested data is 
compi eted. the operation goes to SI 6 from step SI 4. and 
it is judged vy^ether the data read to the controller 24 
contains reading errors that the signal processing unit 
66 could not correct. If the data do not contain such a 
reading error, a negative judgment is made at step SI 6. 
and this OD data reading processing is ended. On the 
other hand, if the data contains a reading error, an affirm- 
ative judgment is made at step 816, and the operation 
goes to SI 8. 

A value of i is added to the total of the error counter 
02 at step S18, and then the routine goes to step S20, 
at which a judgment is made, according to whetiier the 
total of errors counted by 02 is equal to or greater than 
a predetermined value i. If the reading errors of the data 
do not exceed the predetermined number of times, a 
negative judgment is made at step S20 since 02 is equal 
to or less than i, and the routine returns to step SI 4, 
repeats the read request for the data outputted immedi- 
ately before, again executes the reading of data, and 
repeats the execution of steps 816 and 81 8 as described 
akxive. in contrast, if the reading errors exceed the pre- 
determined number, an affirmative judgment is made at 
step 820 since 02 is greater than i. and the routine goes 
to step 822. At step S22, the dout>le speed inhibition flag 
F1 is set (F1 si), thereby placing the apparatus in the 
double speed inhibiting mode, and a predeternrdned 
value j, corresponding to a predetermined time for lapse 
of the doutsle speoj inhibiting mode is read into a double 
speed inhibition counter 03 as a count for measurement 
of time in the double speed inhit)iting mode. 

At step S24 to be executed subsequentiy to step 
822, a judgment is made as to whetiier the drive motor 



4 



.<EP 



J0699895A1J.> 



5 EP 0 699 

56 is rotating at double speed. If the drive motor 56 is 
rotating at normal speed, the operation returns to step 
SI 4 immediately after a negative judgment is made at 
step S24. and step S14 and the following steps 
described above are again executed. On the other hand. 5 
if the drive motor 56 is rotating at double speed, an affirm- 
ative judgment is made at step S24 and the operation 
goes to step S26. After a request is made to rotate that 
drive motor 56 at normal speed is fed to the controller 
68, the operation returns to step S14. By execution of 10 
step S26. a control signal is sent from the controller 68 
to the drive motor servo drcutt 64. Based on the control 
signal, the drive motor 56 is again switched to nonnal 
speed, thereby causing the disc 52 to rotate at normal 
speed. iQ 

Thus, in the CD data reading routine, when it is not 
in the double speed inhibition mode (the double speed 
inhibition flag F1 = 0. S2: YES) and when the designated 
condition is satisfied (84: YES), tiie request to switch the 
drive motor to double speed is output (S6: YES, S8) and, 20 
responsive to this output signal, tiie drive motor 56 
rotates at dout^e speed, thereby rotating the disc 52 at 
double speed. The data corresponding to the request is 
read at Si 4 and. if the read data has no error (81 6: NO), 
this processing ends. On the other hand, if the read data 25 
has an en-or or errors (816: YES), the same data is 
repeatedly read until the controller can read the 
requested data without error (S14 to SIS), and at that 
time, if the reading errors exceed the predetermined 
number (C2 > i, 820: YES), the drive motor 56 rotating 30 
at double speed is switched to normal speed (S24: YES, 
S26). thereby rotating the disc 52 at normal speed. 

In the timer interrupt routine illustrated in Fig. 5, a 
judgment is made first at step S50 as to whether the total 
of double speed stop counter CI is greater than zero, if 35 
CI is greater than 0, an affirmative judgment is made at 
step 50, and the routine goes to step 852 and subse- 
quently goes to step S54 after one is subtracted from the 
value of 01. If 01 is equal to or less than 0. a negative 
judgment is made at step 50, arxi the routine skips steps 40 
852 to 858 and immediately goes to step 860 described 
below. 

A judgment is made at step S54 as to whether or not 
the double speed counter CI is equal to zero. If C1 is not 
equed to zero, a negative judgment is made at step 854. 4s 
and the routine skips steps S56. S58 and immediately 
goes to step 860. If C1 is equal to 0, an affirmative judg- 
ment is made, and the operation goes to step SSS. At 
step 856, a judgment is made as to whether the drive 
motor 56 is rotating at with double speed. K the motor 56 so 
is at normal speed, a negative judgment is made at step 
856. and the routine skips step 858 and immediately 
goes to step 860. If tiie drive motor 56 is rotating at dou- 
ble speed, an affirmative judgment is made at step 856. 
and the routine goes to step 858 and then goes to 860. ss 
responsive to a request for rotation of the drive motor 56 
at normal speed delivered to the controller 68. By exe- 
cution of step 858. a control signal is sent from the con- 
troller 68 to the drive motor servo circuit 64 based on the 
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request output from the controller 24. The drive nrK>tor 56 
is rotatively driven, based on the control signal, at norma! 
speed, thereby rotating tiie disc 52 at nornnal speed. 

At step 60. which is executed subsequent to step 
858 or executed after a negative judgment is made at 
any of steps 850. S54. S56. a judgment is made as to 
whetiner or not the double speed inhibition counter is 
greater than zero. If 03 is greater than 0. an afTirmative 
judgment is made at step 860. and the routine goes to 
step 862 and ttien goes to 864 after one is subtracted 
from the value of 03. If 03 is equal to or less than zero, 
a negative judgment is made at step 860. and the oper* 
ation skips steps 862 to 866 and immediately temporar- 
ily halts the timer inten-upt processing. A judgment is 
made at step 64 as to whether tiie double speed inhibi- 
tion counter 03 is equal to zero. If 03 is not equal to zero, 
a negative judgment is made at step 64. and tiie opera- 
tion skips step 866 and immediately, but temporarily, 
ceases the timer Interrupt processing. If 03 is equal to 
zero, an affirmative judgment is made at step 864. and 
the operation goes to step 866. After leaving the double 
speed inhit^tion mode by removing the flag F1 . the rou- 
tine temporarily ceases the timer interrupt routine. 

In the timer interrupt routine, during steps 50 to 58. 
the double speed stop counter Cl , that has read the pre- 
determined value h and been set to it during the CD data 
reading, when one of the first to f iftii situations atx5ve is 
met is made to decrease its counter value every execu- 
tion of the timer interrupt routine (850: YES, S52), and 
the drive motor 56 is continuously driven at double speed 
until lapse of a predetermined time started when thedes- 
Ignated condition is met Thus, tiie drive motor 56 run- 
ning at double speed is switched to normal speed (856: 
YES. 858) when 01 becomes zero (854: YES). During 
st^ 860 to 866. the double speed inhibition counter 
C3. that has read the predetermined value j and been 
set to it when the number of reading enrors exceeds the 
predetermined number i (02 > i) in the CD data reading 
process described above, is decreased by one every 
execution of the timer internet routine (860: YES. 862). 
When 03 becomes zero (S64: YES), the operation in the 
double speed inhibition mode is ended (866. F = 0). 

As described above in detail, in this embodiment, 
data is read at high speed (814) as the disc 52 rotates 
at double speed by switching the drive motor 56 todoutsle 
speed (86: YES. 88). so that the time required for exe- 
cution of the aforementioned operations is thereby short- 
ened. Specifically, the time interval between detection of 
power-on of the navigation apparatus 10 until confirma- 
tion that the current position is centered on a map display 
is shortened. Secondly, likewise shortened is the time 
interval from the detection of operation of a touch or con- 
tact switch for moving the center of the map. or scrolling 
the map. being displayed on the display screen, or for 
changing the scale of the displayed map on display until 
detection of display of tiie desired map. Thirdly, also 
shortened is the interval from tfie detection of an execu- 
tion command for the route search until tiie detection of 
the completion of the search. The fourth interval short- 
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ened is that between a determination that the output 
value of a sensor detecting the travel speed is equal to 
or greater than a predetermined value (for example, a 
value corresponding to 100 km per hour), and display of 
the current position centered on the display screen. 5 
Moreover, the apparatus can provide proper guidance 
without delay by such acceleration of the data reading 
even when, for any requested operation, it detects that 
the requested data size to be read from the disc 52 is 
equal to or greater than a predetermined size, for exam- 10 
pie, 100 kbite or more, specifically, when guidance is to 
be provided by displaying a picture. of a destination or 
intersection on the screen. 

The data reading speed with the disc 52 rotating at 
dout>le speed is 300 Kbite per second whereas the data is 
reading speed with the disc 52 rotating with normal 
speed is 150 kbite per second. Therefore, in this embod- 
iment, the apparatus can read a large amount of data in 
a short period of time from the disc 52 by switching the 
disc 52 from normal speed to double speed to perform 20 
certain reading tasks. In addition, because the data is 
read with the drive motor 56 rotating at normal speed 
when none of the first to fifth situations is present (S4: 
NO), in other words because the situations in which the 
rotation speed of the drive motor 56 is switched to the 25 
double speed are limited on the first to fifth situations 
which specifically require high speed data reading, the 
durability of the drive motor 56 is greater than in the case 
where the drive motor 56 is constantly rotated at double 
speed. 30 

As noted above, although operating with the motor 
driving the memory medium at doubl e speed allows high- 
speed data reading from the memory medium, operating 
the motor constantly at double speed is avoided since it 
would reduce the durak>ility of the motor. In a navigation 3S 
apparatus for a vehicle, though required to rapidly 
respond since the vehicle travels at a relatively high 
speed, the apparatus needs the double speed reading 
only in limited situations. Accordingly, in this en1k>odi- 
ment, the apparatus can change its speed from normal 40 
speed to double speed only when detecting one of those 
limited number of conditions in which the apparatus has 
to deal a large amount of data in a short period of time. 

In this emt)odiment, the error counter C2 that is reset 
prior to the output of a request for reading data (SI 2) 4S 
counts reading errors contained in the read data (SI 6. 
81 8), arxi if the reading errors exceed the predetermined 
value i (820: YES), the drive motor 56 rotating at double 
speed is switched to normal speed (S24: YES, 826) to 
rotatethedisc 52 at normal speed. However, if thedouble so 
speed inhibition flag F1 is on (822). the rotational speed 
of the drive motor 56 is not switched to double speed 
from normal speed even if one of the five aforanentioned 
conditions is satisfied (S2: NO). Therefore, when errors 
in the read data continue to occur when the drive motor 55 
56 is rotatively driven at double speed, the disc 52 is 
made to rotate at rK)rmal speed by switching the rota- 
tional speed of the drive motor 56 to nornrial speed, 
thereby enabling the controller to read the requested 



data without error, and enabling the controller to deal with 
errors in the reading to data that tend to occur due to the 
douk)le speed rotation of the disc 52. 

Further, in this embodiment, when errors in reading 
exceed the predetermined number i (820: YES) . the dou- 
ble speed inhibition flag Fl is turned ON as described 
above (822) to establish the double speed inhibition 
mode, thereby running the drive motor 56 at normal 
spe&j even if a command issues to initiate one of the 
aforementioned five operations. The double speed inhi- 
bition counter C3 in which the predetermined value j is 
read, is set and decreased by one upon every execution 
of the timer interrupt routine (860: YES, 862). and the 
double speed inhibition condition mode is dissolved by 
turning thedout)le speed inhik»tionflag F1 off (866) when 
03 is equal to zero (864: YES). By utilization of the dou- 
ble speed inhibition flag F1 and the double speed inhibi- 
tion counter 03. the disc 52 is prohibited from rotating at 
double speed, in a double speed inhibition mode, until 
the condition, wherein reading errors tend to exceed the 
predetermined number, is corrected based on experi- 
ences indicating that the errors in reading tend to occur 
where the disc 52, the drive motor 56, and whatever are, 
for example, subject to low temperature or high temper- 
ature, thereby preventing errors in data reading from 
occurring again. 

Moreover, in this embodiment, the drive motor 56 is 
switched to drive at double speed upon satisfaction of 
any of the first to fifth conditions described above and 
continues to rotate at double speed for a period of time 
determined as follows. First, the double speed stop coun- 
ter 01 reads in the predetermined value h (810) when 
any of the first to fifth conditions described above is sat- 
isfied (84: YES). 01 is reduced each time the timer inter- 
rupt routine is executed and when 01 becomes zero 
(854), the drive motor 56 rotating at double speed is 
switched to normal speed (856: YES. 858). Further, the 
apparatus avoids frequent switching of the drive motor 
56 t>etween normal and dout^e speeds and achieves 
effective control of the rotation speed of the drive motor 
56. 

While in the foregoing embodiment the drive motor 
56 is switched between normal speed and a speed twice 
that of normal speed, the drive motor 56 can be driven 
at any speed rotating the disc 52 at a speed higher than 
normal speed, e.g. two times, four times or eight times 
the normal speed. 

In general, the drive motor rotatively driving the OD- 
ROM disc will be one of the following two types: a drive 
motor that begins to rotate as necessary to read data 
from the disc and then stops rotating a while after com- 
pletion of reacfing the data: and a drive motor that begins 
to rotate at the same time that the CD-ROM drive is ini- 
tialized by turning on the power of the system in which 
the OD-ROM is incorporated and that continuously 
rotates until the power of the system is turned off. This 
invention is applicable to both types of motor operation 
described above. However, because the latter type is 
more susceptible to a short drive motor service life, the 
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invention is more effective in the latter case than in the 
former. 

Furthermore, although the foregoing embodiment is 
described as incorporated into the navigation apparatus 
10 mounted on a vehicle, the invention is not restricted s 
to use in such a navigation apparatus. Moreover, as used 
in navigation apparatus 10 it is easily detachat^e from 
the vehicle and brought into the home where it may be 
connected to a television set for determining the opti* 
mum route for the set points of departure and destination io 
with display of a map on the screen of the television set. 
After such use. it may be reattached to the vehicle for 
guidance along the optimum route from the point of 
departure to the destination which have been set in the 
home. IS 

The navigation apparatus to be mounted in a vehicle 
must be made compact because the apparatus must fit. 
for example, behind a dashboard or below a seat, so as 
not to disturb passengers. Accordingly, as the apparatus 
is made more compact the size of the drive motor for 20 
driving the memory medium must become more com- 
pact, but the durability of the drive motor is reduced as 
its size is m^e smaller. Therefore, if the apparatus 
according to the invention is applied to a navigation 
apparatus for a vehicle, it is very effective in improving 25 
the durability of the drive mechanism. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential char* 
acteristics thereof. The present emtxxJiments are there- 
fore to be considered in ad respects as illustrative and 30 
not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing 
description, and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. . 35 

Claims 

1. . An information processing apparatus comprising: 

a memory medium in which data is stored; 40 
a drive motor for driving said memory 
medium at least at two different speeds, including a 
first speed and a second speed faster than said first 
speed, responsive to an input signal; 

read means for reading the stored data from 45 
said memory medium responsive to varioi^ com- 
mand signals inclusive of at least one designated 
commahd signal; 

judgment means for making an affirmative 
judgement by detection of input of a designated so 
command signal or satisfaction of one of a plurality 
of predetermined conditions and making a negative 
judgement when no designated command signal or 
predetermined condition is detected; and 

control means for controlling the speed of ss 
rotation of said drive motor to drive said memory 
medium at said first speed responsive to said neg- 
ative judgement and at said second speed respon- 
sive to said positive judgement. 
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2. The information processing apparatis as set forth 
in claim 1, wherein said one predetermined condi- 
tion is when one of said various commands is a com- 
mand to said read means to read an amount of data, 
larger than an amount predetermined to be properly 
processable by said processing means with the 
drive mechanism rotating at said first speed. 

3. The information processing apparatus as set forth 
in claim 1 or 2, wherein said one predetermined con- 
dition is when a vehicle, in which the information 
processing apparatus is mounted or attached, is 
detected to be travelling at a speed exceeding a pre- 
determined speed. 

4. The information processing apparatus as set forth 
in claim 3. wherein another of said predetermined 
conditions is when the size of the stored data to be 
read is greater than or equal to a predetermined 
size. 

5. The apparatus as set forth in any of claims 1 to 4, 
wherein said control means comprises stop timer 
means to keep said drive motor at said second 
speed for a predetermined period of time after the 
drive motor begins to rotate at the second speed. 

6. The apparatus as set forth in any of claims 1 to 5. 
wherein said drive motor is automatically switched 
to the first speed by lapse of a predetermined period 
after an affirmative judgement by said judgment 
means. 

7. The apparatus as set forth in any of claims 1 to 6, 
wherein said control means includes error counting 
means for counting reacfing errors occurring in the 
read data and for establishing an inhibiting mode in 
which the drive motor is prevented from operating at 
said second speed when the error count exceeds a 
predetermined value. 

8. The apparatus as set forth in claim 7, wherein said 
control means includes reset timer means for dis- 
solving said inhibiting mode after a predetermined 
period of time of operation in said inhibiting mode 
has lapsed. 

9. The apparatus as set forth in any of claims 1 to 8. 
wherein said control mear)s comprises data 
processing means for executing a routine by 
processing the read data and for timer interrupt 
processing to set and reset one or more counters 
and flags used in the routine; and a memory con- 
taining, stored therein, a program for said routine. 

10. The apparatus as set forth in any of claims 1 to 9. 
wh^ein said memory medium is self-contained arKi 
detachable from the drive motor. 
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11. The apparatus as set forth in any of claims 1 to 10. a display of a map at said display unit with the pre- 

wherein said memory medium is a CD-ROM. determined present location indication thereon. 



12. The information processing apparatus as set forth 
in claim 11. wherein said CD-ROM contains stored 
data recorded at constant linear velocity. 

1 3. The apparatus as set forth in any of claims 1 to 12, 
wherein said drive motor begins to drfve responsive 
to a request to read data from the memory medium 
and ceases after the reading of the requested data 
is completed. 

14. The apparatus as set forth in any of claims 1 to 13, 
wherein said drive motor begins to drive at the same 
time that the information processing apparatus is 
turned on and ceases when the information 
processing apparatus is turned off. 

15. The apparatus as set forth in any of claims 1 to 14, 
wherein said second speed is twice said first speed. 

16. A vehicle navigation apparatus connprising: 

sensor means for detecting present location 
of the vehicle; 

a memory medium in which guidance data is 
stored, said guidance data including map data: 

a drive motor for driving said memory 
medium at least at two different speeds, including a 
first speed and a second speed faster than said first 
speed; 

a display unit; 

input means operable by a driver of the vehi- 
cle, for input of a destination and for input of various 
commands including a designated command for 
execution of a route search routine for determining 
an optimum route to said destination; 

read means for reading the guidance data 
from said memory medium responsive to an input 
command; 

detection means for detecting satisfaction of 
a predetermined condition; 

judgment means for making an affirmative 
judgement by detection of input of a designated 
command or detection of satisfaction of a predeter- 
mined condition and making a negative judgement 
when no designated command or predetermined 
condition is detected; and 

control means for controlling the speed of 
rotation of said drive motor to drive said memory 
medium at said first speed responsive to said neg- 
ative judgement and at said second speed respon- 
sive to said positive Judgement, said control means 
comprising data processing means for determining 
present location based on signals received from said 
sensor means, for retrieving guidance data through 
said read means, for processing the retrieved guid- 
ance data to produce guidance information including 



17. The vehicle navigation apparatus as set forth in 
5 daim 16. wherein said predetermined condition is 

when one of said various commands is a command 
to said read means to read an amount of data, larger 
than an amount of data predetermined to be prop- 
erly processable by said processing means with the 
10 drive motor rotating at said first speed. 

1 8. The apparatus as set forth in claim 1 6 or 1 7. wherein 
said sensor means includes a vehicle speed detec- 
tor and wherein said predetermined condition is 

75 when the detected vehicle speed exceeds a prede- 
termined speed. 

19. The apparatus as set forth in claim 16, 17. or 18. 

wherein said control means Includes error counting 
20 means for counting reading errors occurring in the 
read data and for establishing an inhibiting mode in. 
which the drive motor Is prevented from operating at 
said second speed when the error count, exceeds a 
predetermined value. 

25 

20. The vehicle navigation apparatus as set forth in 
daim 19. wherein said control means further com- 
prises reset timer means for dissolving said inhibit- 
ing mode after a predetermined period of time of 

30 operation in said inhibiting mode has lapsed. 
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